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ABSTRACT 
Objective:  Skull fractures are common in the pediatric age group. The surgical management of pediatric 
patients with skull fractures differs among institutions and surgeons. Our object of this study was to assess 
the pattern of skull fractures and outcome in the pediatric population. 
Material and Methods:  This study was conducted in the department of neurosurgery of a tertiary care 
hospital from June 2018 to April 2020. We included 152 children between ages 5 to 11 years who were 
brought with head trauma and diagnosed to have a skull fracture on computerized tomography (CT) Scan 
brain. 
Results:  The mean age of patients was 6.91 ± 1.84 years. Out of those, 59.8% were male and 40.1% were 
female. The most common type of fracture at presentation was depressed fracture in 42% patients, followed 
by linear (35%) and compound fractures (23%). Parietal fractures were the commonest (63.1%) in our study. 
Associated intracranial hematomas were seen in 37.5% patients, epidural hematoma being the most 
common. Surgically treated patients were 36%. Good recovery was seen in 73% patients while mortality was 
10.5%. 
Conclusion:  Isolated skull fractures are overall benign conditions. Linear parietal skull fractures have good 
outcomes amongst all fracture types. 
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INTRODUCTION 
Head trauma among the pediatric population is 
not an uncommon entity and causes a significant 
amount of morbidity and mortality. Head trauma 
is dealt according to the initial clinical status and 
underlying skull and brain findings. Clinical status 
is determined according to different grading 
systems and Glasgow coma score (GCS) is one of 
the commonest initial assessment systems. 
Radiological investigations are needed to assess 
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the underlying skull and brain injuries. Skull 
radiographs can be used as the initial 
investigation in minor pediatric head injuries, but 
it can only predict the skull fractures to some 
extent and also can’t unveil the underlying brain 
injuries.1,2 
 Computed Tomography (CT) scan is the 
investigation of choice to diagnose the skull 
fractures. A CT scan can diagnose the type of 
fractures like a linear or depressed and also 
associated cerebral injury (Figure 1). But there are 
guidelines to be used to undergo CT scan for 
pediatric head trauma, especially in the cases 
where patients are neurologically intact and 
radiograph shows skull fracture.3 There is one 
school of thought that neurologically stable 
patients with simple linear fractures can be 
observed or discharged to home after initial 
treatment in the emergency department without 
any further neurosurgical intervention.4,5 




Figure 1: Depressed fracture (A) with no underlying 
hematoma (B), Depressed fracture (C) with underlying 
cerebral Contusion (D). 
cerebral injuries can have a significant impact on 
the outcome of the patients. Common associated 
intracranial injuries are epidural hematomas, 
subdural hematomas, cerebral contusions and 
dural tears. Such associated intracranial findings 
can alter the prognosis. The primary use of CT 
scans for suspected fractures and intracranial 
injuries can save the time and radiological 
exposure specially with neurologically 
symptomatic patients.6,7 So, CT scans in pediatric 
skull fractures can predict the adverse outcome 
and prognosis.8 Physical findings in pediatric 
patients can be altered mentation, repeated 
vomiting, seizures, open scalps wounds, signs of 
basilar skull fractures and neurological deficits. 
 Management of skull fractures depends on 
the type of fracture as well as associated 
intracranial injuries. Depressed fracture and 
significant size of hematoma are usually treated 
surgically. Water-tight dural closure in case of 
dural tear is an important factor in the prevention 
of infections. There are few complications 
associated with pediatric skull fractures like 
neurological deficit, seizures, cerebrospinal fluid 
(CSF) leak, meningitis and infections. Neurological 
deficit can be seen in 33% of patients out of 
which less than half of patients developing 
permanent deficit.9 Improvement from 
preoperative neurological deficit is about 7.05% 
following operative repair and medical 
management.10 Outcome is good in pediatric 
skull fractures with 86% discharged to home and 
only 14% with the poor outcome.9 The study was 
to focus on the evaluation of the clinical outcome 
of skull fractures in children. Several studies in the 
literature have shown a wide range of outcomes 
in children with skull fractures.9,11 However, the 
local data is still lacking and our study will be an 
attempt to report the local data from a tertiary 
care hospital. 
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MATERIALS AND METHODS 
Study Setting & Design 
Our study was conducted at the Neurotrauma 
unit of the Neurosurgery department in Jinnah 
Postgraduate Medical Centre (JPMC), Karachi 
from June 2018 to April 2020. It was a cross 




Our study included all the pediatric head trauma 
patients of ages between five to 11 years of either 
gender with skull fracture diagnosed on the CT 
scan head. Our study included children with a 
previous history of brain pathologies or brain 
surgery, penetrating skull injuries. 
 
Exclusion Criteria 
Major chest/abdominal trauma or known 
bleeding disorders were excluded from the study. 
 
Data Collection 
The data was collected after institutional review 
board approval and informed consent. All the 
children with head trauma underwent CT scan 
brain plain after initial history and examination by 
the neurosurgery resident having at least two 
years’ experience and then admitted in the 
neurosurgery high dependency unit (HDU) or 
intensive care unit (ICU). There was no separate 
dedicated pediatric HDU/ICU unit in our 
department and pediatric patients were 
traditionally managed by the general 
neurosurgery team here. Data regarding the age, 
gender, mechanism of head trauma, initial 
Glasgow coma scale (GCS), CT scan findings (type 
of skull fracture and associated intracranial 
hemorrhage), type of treatment and outcome was 
collected. On the basis of GCS, Traumatic brain 
injury (TBI) was categorized into mild (GCS 13 – 
15), moderate (GCS 9 – 12) and severe (GCS ≤ 8). 
Surgeries (where indicated) were performed by an 
independent neurosurgeon or a neurosurgery 
resident of at least 5 year experience with a 
pediatric anesthetist of at least 5 year experience. 
All operated cases underwent repeat CT scan 
brain within 24 hours of surgery. Data was 
stratified to deal with confounding factors such as 
age, gender and type of fracture. 
 
Follow-up 
Patients were followed for three months from the 
head trauma. The outcome was calculated 
according to Glasgow outcome score (GOS); GOS 
1 (mortality), GOS 2 (vegetative state), GOS 3 
(severe disability), GOS 4 (moderate disability) 
and GOS 5 (good recovery). Outcome was 
categorized into a good outcome (GOS score 5) 
and poor outcome (GOS score from 1 to 4).Mean 
and standard deviation was calculated for 
quantitative variables like age and initial GCS. 
 
Data Analysis 
Frequency and percentages were calculated for 
qualitative variables like gender, mechanism of 
head trauma, type of skull fracture, associated 
intracranial hemorrhage, type of treatment and 
outcome. Chi square test was applied and 
p ≤ 0.05 was taken as significant. 
 
RESULTS 
After matching the inclusion and exclusion 
criteria, we enrolled a total number of 152 




The mean age of patients was 6.91 ± 1.84 years. 
 
Gender Distribution 
There were 91 (59.8%) males and 61 (40.1%) 
females. 
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Mechanism of Injury 
The commonest mechanism of head trauma was 
fall in 77 (50.6%) patients, followed by road traffic 
accidents (RTA) in 56 (36.8%) and other 
mechanisms of injury in 19 (12.5%) patients. 
 
Severity of TBI 
Mild TBI was seen in 77 (50.6%), moderate TBI in 
45 (29.6%) and severe TBI in 30 (19.7%) patients. 
 
Type and Location of Fracture 
The most common type of fracture at 
presentation was depressed fracture in 64 (42.1%) 
patients, followed by linear and compound 
fractures (Figure 2). The majority of the fractures 
were involving parietal bone in 96 (63.1%) 
patients, others involved occipital (17.7%), frontal 












Figure 2: Types of skull fractures. 
 
Associated Intracranial Injury 
We found that associated intracranial hematomas 
in pediatric head injury patients with skull 
fractures were seen in 57 (37.5%), commonest 
hematoma was epidural hematoma (EDH) in 32 
patients but other hematomas like cerebral 
contusion, subarachnoid hemorrhage (SAH), 
subdural hematoma (SDH) and intraventricular 
hematoma (IVH) were also observed (Figure 3). 
Treatment 
Surgical intervention was done in 55 (36.2%) 
patients while remaining 97 (63.8%) were 




Figure 3: Intracranial hematomas associated with skull 
fractures. 
 
performed within 24 to 48 hours of the head 
trauma, 65.4% of these performed within 12 
hours. Only three patients underwent repeat 
surgery for CSF leak (two patients) and post-op 
hematoma (one patient). Average operative time 
was 90 minutes and average blood loss during 
surgery was 65 ml. 
 
Outcome & Complications 
















Figure 4: Outcome of pediatric skull fractures. 
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patients while mortality was 10.5% (Figure 4). 
Complications were observed in 31 (20.4%) 


















Figure 5: Complications in skull fractures. 
 
 There was no significant relationship between 
the location or skull fracture and outcome in our 
study (p-value > 0.05) (See Table 1). 
 
Table 1: Outcome according to type of fracture. 
 
Outcome 











  45 19   64 
Compound 
fracture 
  19 16   35 
Total 111 41 152 
 













  31 26   57 
<0.05 No intracranial 
hematoma 
  80 15   95 
Total 111 41 152 
 According to our data, the possibility of poor 
outcome in pediatric skull fractures was more if 
there was associated intracranial hematoma 
(p-value <0.05) given in Table 2. 
 
DISCUSSION 
Skull fracture is one common presentation in 
pediatric head injury. Our study observed that 
almost two-third of patients with skull fractures 
were male. The literature has shown a consistent 
male preponderance.3,7,13 The reason for this 
gender disparity is that male children are more 
commonly involved in contact sports. The mean 
age in our patients was 6.91 years while another 
study showed the mean age of children as 5.9 
years.7 Fall was the commonest mechanism of 
head trauma, with about half of the total patients 
in our study. Children younger than two years of 
age are more commonly presented with a history 
of fall because of weaker bones and a less 
developed sense of self care.Studies by Powell et 
al (70%) and Arneitz et al (79%) also showed 
similar results with fall being the commonest 
cause.4,7 
 Half of our studied patients had mild TBI and 
one-fifth presented with severe TBI. One study 
showed a similar presentation with mild TBI being 
the most common.14 Depressed fracture was the 
common type with almost half of the patients 
presenting with it and compound fracture being 
least common in our study. Steinbok et al in his 
published article showed that 42.3% of depressed 
fractures were compound fractures.15 Parietal 
fractures were seen in about two-third of our 
patients with occipital and frontal fractures being 
other common sites. Other studies also showed 
that parietal being the commonest fracture 
site.7,13 
 Two thirds of the patients in our study 
presented with no intracranial hematoma and 
only one third had one or other type of 
hematoma. Patients with intracranial hematomas 
had EDH in the majority. Literature review showed 
Complications 
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varying degrees of associated intracranial 
hematomas ranging from 14% to 45.3%.7,13 About 
two-third of our patients were managed non-
surgically and only about one-third patients were 
dealt surgically. Bonfield et al in his study showed 
that the majority (86.1%) of their patients were 
managed conservatively.13 
 The outcome in our study was good in the 
majority of our patients. About one-fourth of our 
patients had poor outcome and graded I to IV on 
the GOS. The mortality rate in our studied 
population was 10.5%. One-fifth of our patients 
showed complications. The most common 
complication was a permanent neurological 
deficit in 10 patients, out of which five had 
weakness of limbs, two had speech difficulties 
and two had visual deficits and one with anosmia. 
 In our study, we found that the severity of TBI 
(initial GCS of patient) had a significant impact (p-
value < 0.05) on the outcome of skull fractures 
with severe TBI showing higher chances of poor 
outcome. Early prediction of intracranial injury or 
late development of intracranial findings and 
ultimately the outcome is difficult in children 
when patients are neurologically intact at 
presentation.16,17 Type of skull fractures compared 
with the outcome in pediatric head injury showed 
that compound fractures had the poorest 
outcome than the depressed and linear fractures 
(p-value < 0.05). There was no significant 
relationship between the location or skull fracture 
and outcome in our study (p-value > 0.05). 
 According to our data, the possibility of poor 
outcome in pediatric skull fractures was more if 
there was associated intracranial hematoma (p-
value < 0.05). Surgical or non-surgical treatment 
showed no considerable difference on the 
outcome of skull fracture patients (p-value >0.05). 
The need for surgical intervention in skull 
fractures is not necessary for the depressed skull 
fracture itself, but frequently be carried out for 
the associated underlying injuries. 
 
CONCLUSION 
Skull fractures in pediatric patients generally have 
good outcome, but the severity of traumatic brain 
injury, compound fractures and associated 
intracranial hematoma can have profound effects 
on the overall outcome and mortality. 
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